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(54) Transmission path switching circuit 

(57) Even if the range of an input signal level is wide, 
the level range of a signal to be outputted will be nar- 
rowed to thereby facilitate improvement of distortion and 
NF. A transmission path switching circuit according to 
the present invention is provided with an amplifier (3), 
and a by-pass circuit (21), and is constructed so as to 
switch the gain in the amplifier between two stages. 
When the level of an input signal inputted to an input 
end is within the first level range being equal to, or higher 



than the first predetermined level, the input signal is out- 
putted to an output end through the by-pass circuit. 
When the level of the input signal is within a second level 
range being equal to or lower than the first predeter- 
mined level and equal to or higher than a second pre- 
determined level, the gain of the amplifier is set to first 
gain. When the input signal is within a third level range 
being equal to or lower than the second predetermined 
level, the gain of the amplifier is set to second gain being 
higher than the first gain. 



FIG. 1 
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Description 

BACKGROUND OF THE INVENTION 

[Detailed Description of the Invention] 

[Technical Field of the Invention] 

[0001 ] The present Invention relates to a transmission 
path switching circuit to be used for a television tuner 
and the like. 

[Description of the Prior Art] 

[0002] Fig. 3 shows a conventional transmission path 
switching circuit, and an amplifier 43 and a by-pass cir- 
cuit 61 are provided side by side between an input end 
41 and an output end 42. The amplifier 43 has a first 
FET 44 as an amplification element and two switching 
diodes 45 and 46. A source for the first FET 44 is ground- 
ed through source bias resistance 47 and a by-pass ca- 
pacitor 48. 

[0003] An anode of the first switching diode 45 is con- 
nected to a gate of the first FET 44, and a cathode is 
grounded through bias resistance 49, and is connected 
to the input end 41 through a DC cut capacitor 50. An 
anode of the second switching diode 46 is connected to 
a drain of the first FET 44 through a DC cut capacitor 

51 , and a cathode is grounded through bias resistance 

52, and is connected to an output end 42 through a DC 
cut capacitor 53. 

[0004] A node between the anode of the first switching 
diode 45 and the gate of the first FET 44, a drain of the 
first FET 44, and the anode of the second switching di- 
ode 46 are connected to a voltage applying terminal 57 
through feeding resistance 54, a choke inductor 55 and 
feeding resistance 56 respectively. 
[0005] On the other hand, the bias circuit 61 has a 
second FET 62 and a diode 63 for voltage drop, and a 
drain of the second FET 62 is connected to the cathode 
of the first switching diode 45 through a DC cut capacitor 
64, and its source is connected to a cathode of the sec- 
ond switching diode 46 through a DC cut capacitor 65. 
[0006] An anode of the diode 63 is connected to the 
gate of the second FET 62, and its cathode is grounded. 
The gate and source are connected to the voltage ap- 
plying terminal 57 through feeding resistance 66 and 67 
respectively. 

[0007] Voltage from power supply 59 is applied to the 
voltage applying terminal 57 by a change-over switch 
58. The change-over switch 58 is constructed of, for ex- 
ample, a switching circuit, and is controlled such that the 
voltage applying terminal 57 is connected to the power 
supply 59 when a signal (input signal) to be inputted to 
the input end 41 exceeds a predetermined level, and 
that it is grounded when the input signal is equal to or 
lower than the predetermined level. 
[0008] The voltage at the power supply 59 is some- 



what higher voltage (for example, 5 volt) than a sum of 
pinch off voltage (about 4 volt) of the second FET 62 
and forward voltage (about 0.7 volt) of the diode 63. 
[0009] In the above described structure, in the case 

5 where the level of the input signal is equal to or lower 
than a predetermined level, when voltage from the pow- 
er supply 59 is applied to the voltage applying terminal 
57, the first and second switching diodes 45 and 56 are 
first turned on, and bias voltage is applied to the gate of 

10 the first FET 44 through resistance 49 and 54 at both 
ends of the first switching diode 45 to cause the first FET 
44 to enter an operating state. 

[0010] On the other hana\ the source voltage of the 
second FET 62 becomes equal to the voltage of the 

15 power supply 59, and the gate voltage becomes equal 
to the forward voltage (about 0.7 volt) of the diode 63. 
As a result, the gate voltage of the second FET 62 be- 
comes equal to or lower than the pinch off voltage with 
respect to the source voltage to cause connection be- 

20 tween drain and source of the second FET 62 to be cut 
off (off -state) . 

[0011] Accordingly, the input signal, does not pass 
through the by-pass circuit 61, but is amplified by the 
amplifier 43 to be outputted to the output end 42. 

25 [001 2] When the level of the input signal exceeds the 
predetermined level, the first and second switching di- 
odes 45 and 46 are turned off, and no bias voltage is 
applied to the gate of the first FET 44 because the volt- 
age applying terminal 57 is grounded. 

30 [0013] On the other hand, since the gate and source 
of the second FET 62 are at the same potential, the gate 
exceeds the pinch-off voltage to cause the connection 
between drain and source to be in conduction. 
[001 4] As a result, the input signal by-passes the am- 

35 plifier 43, and is outputted at the output end 42 via the 
by-pass circuit 61 . 

[0015] Therefore, when it is lower than the predeter- 
mined level, the input signal can be amplified by the am- 
plifier 43 for outputting, and when it is higher than the 
40 predetermined level, the input signal can be outputted 
via the by-pass circuit 61 . Therefore, it is possible to 
keep a level range of a signal to be outputted within a 
certain fixed range. 

45 [Problems to be solved by the Invention] 

[001 6] In the above described conventional transmis- 
sion path switching circuit, however, switching has been 
made only between two stages: amplifying the input sig- 

50 nal to output and outputting as it is without amplifying, 
and therefore, if the level range of the input signal is 
wide, the level range of a signal to be outputted will also 
correspond to it to become wider so that it has become 
difficult to keep distortion, which occurs in a mixer or the 

55 Hke to be connected in the latter stage, and entire NF 
within a predetermined standard over the entire level 
range for the input signal. 
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SUMMARY OF THE INVENTION 

[0017] Thus, It is an object of the present invention to 
easily Improve distortion and NFby reducing, even If the 
level range of the input signal is wide, the level range of 
a signal to be outputted. 

[Means for solving the Problems] 

[0018] In order to solve the above described prob- 
lems, in a transmission path switching circuit according 
to the present invention are provided with an amplifier 
disposed between an input end and an output end, and 
a by-pass circuit disposed between the input end and 
the output end, and constructed so as to switch gain in 
the amplifier between two stages, wherein when the lev- 
el of an input signal inputted to the input end is within a 
first level range being equal to or higher than a first pre- 
determined level, the input signal is not amplified but is 
outputted to the output end through the by-pass circuit; 
wherein when the level of the input signal is lower than 
the first predetermined level, the input signal is amplified 
by the amplifier to output to the output end; when the 
level of the input signal is within a second level range 
between the first predetermined level and a second pre- 
determined level being lower than the first predeter- 
mined level, gain of the amplifier is set to first gain; and 
wherein when the input signal is within a third level range 
being equal to or lower than the second predetermined 
level, the gain of the amplifier is set to second gain being 
higher than the first gain. 

[0019] Preferably, in a transmission path switching 
circuit according to the present invention, the amplifier 
has the first FET, a first switching diode disposed in se- 
ries between the input end and the gate of the first FET, 
and a second switching diode disposed in series be- 
tween a drain of the first FET end and the output end, 
and the by-pass circuit has a second FET, to whose In- 
put end one of drain and source is connected, and to 
whose output end the other is connected; when the level 
of the input signal is within the first level range, the first 
and second switching diodes are turned off, and the gate 
voltage of the second FET is made higher than the pitch 
off voltage of the second FET; when the level of the input 
signal is within the second level range, the gate voltage 
of the second FET is made lower than the pinch off volt- 
age, the first and second switching diodes are turned 
on, and the first bias voltage is applied to the gate of the 
first FET; and when the input signal is within the third 
level range, the gate voltage of the second FET is made 
lower than the pinch off voltage, the first and second 
switching diodes are turned on, and second bias voltage 
being higher than the first bias voltage, is applied to the 
gate of the first FET 

[0020] Advantageously, according to the present in- 
vention, In the transmission path switching circuit are 
provided with: a first terminal for applying voltage to the 
anode of the first switching diode, the gate of the first 



FET, and the anode of the second switching diode; a 
second terminal for applying voltage to the gate and 
source of the second FET through feeding resistance 
respectively; and a diode for voltage drop, whose anode 

5 is connected to the gate of the second FET, and whose 
cathode is grounded, wherein when the level of the input 
signal is within the first level range, no voltage is applied 
to the first terminal and the second terminal, but both 
terminals are caused to be in a released state; wherein 

io when the level of the input signal is within the second 
level range, the first voltage is applied to the first termi- 
nal, and second voltage, which becomes equal to, or 
higher than a sum of forward voltage of the diode for 
voltage drop and the pinch off voltage, is applied to the 

15 second terminal; and wherein when the level of the input 
signal is within the third level range, third voltage being 
higher than the first voltage, is applied to the first termi- 
nal, and the second voltage is applied to the second ter- 
minal. 

20 [0021 J Preferably, the anode of the first switching di- 
ode is connected to the gate of the first FET in a DC 
way, and the cathode thereof is grounded through the 
first bias resistance, the cathode of the second switching 
diode is grounded through the second bias resistance; 

25 wherein the anode of the first switching diode is con- 
nected to the first terminal through the first feeding re- 
sistance; and wherein the anode of the second switch- 
ing diode is connected to the first terminal through the 
second feeding resistance. 

30 [0022] Preferably, the first terminal is grounded 
through first resistance for divided voltage, second re- 
sistance for divided voltage is connected between the 
first terminal and the second terminal, the third voltage 
is made equal to the second voltage; wherein values for 

35 the first and second resistance are set such that divided 
voltage at the first terminal when the second voltage is 
applied to the second terminal becomes equal to the first 
voltage; wherein when the level of the input signal is 
within the second level range, the second voltage is ap- 

40 plied only to the second terminal; and wherein when the 
level of the input signal is within the third level range, 
the second voltage is applied to the first terminal and 
the second terminal. 

45 BRIEF DESCRIPTION OF THE DRAWINGS 

[0023] 

Fig. 1 is a circuit diagram showing structure of a 
so transmission path switching circuit according to the 
present invention; 

Fig. 2 is a characteristic diagram showing relation- 
ship between an input signal level and an output sig- 
nal level in a transmission path switching circuit ac- 
55 cording to the present invention; and 

Fig. 3 is a circuit diagram showing the structure of 
a transmission path switching circuit according to 
the prior art. 



EP1 107 451 A2 



5 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[Embodiments of the Invention] 

[0024] Fig. 1 shows a transmission path switching cir- 
cuit according to the present invention, and an amplifier 
3 and a by-pass circuit 21 are provided side by side be- 
tween an input end 1 and an output end 2. The amplifier 
3 has a first FET 4 as an amplification element and two 
switching diodes 5 and 6. A source of the first FET 4 is 
grounded through source bias resistance 7 and a by- 
pass capacitor 8. 

[0025] An anode of the first switching diode 5 is di- 
rectly connected to a gate of the first FET 4, and a cath- 
ode is grounded through first bias resistance 9, and is 
connected to the input end 1 through a DC cut capacitor 
1 0. An anode of the second switching diode 6 is con- 
nected to a drain of the first FET 4 through a DC cut 
capacitor 1 1 , and a cathode is grounded through second 
bias resistance 12, and is connected to an output end 2 
through a DC cut capacitor 13. 

[0026] A node between the anode of the first switching 
diode 5 and the gate of the first FET 4, and the anode 
of the second switching diode 6 are connected to the 
first terminal 16 through first feeding resistance 14 and 
second feeding resistance 15 respectively 
[0027] Also, supply voltage is supplied to the drain 
through a choke inductor 17. 

[0028] On the other hand, the bias circuit 21 has a 
second FET 22 and a diode 23 for voltage drop, and 
either a drain or a source of the second FET 22 is con- 
nected to a node between the cathode of the first switch- 
ing diode 5 and the DC cut capacitor 1 0 through a DC 
cut capacitor 24, and the other is connected to a node 
between the cathode of the second switching diode 6 
and a DC cut capacitor 13 through a DC cut capacitor 
25. , 

[0029] The anode of the diode 23 is connected to the 
gate of the second FET 22, and its cathode is grounded. 
The gate and the source are connected to a second ter- 
minal 28 through third feeding resistance 26 and fourth 
feeding resistance 27 respectively. 
[0030] Further, first resistance for divided voltage 31 
is connected between the first terminal 16 and ground, 
and second resistance for divided voltage 32 is connect- 
ed between the first terminal 1 6 and the second terminal 
28. 

[0031 ] In the above described structure, when the lev- 
el of an input signal is within a first level range for ex- 
ceeding the first predetermined level, no voltage is ap- 
plied to the first terminal 1 6 and the second terminal 28, 
but both are caused to be in a released state. Then, both 
the first and second switching diodes 5 and 6 first be- 
come off , and since no voltage is applied to the gate of 
the first FET 4 either, no drain current flows through the 
first FET 4, which is out of the operating state. 
[0032] On the other hand, since both the gate and 



source of the second FET 22 are at the same potential 
as that at the ground, the gate voltage becomes higher 
than the pinch off voltage with respect to the source, and 
the connection between drain and source of the second 
5 FET 22 turns on. 

[0033] Therefore, the input signal bypasses the am- 
plifier 3 and is outputted to the output end 2 by way of 
the by-pass circuit 21 . 

[0034] When the level of the input signal is within the 
w second level range which is equal to or lower than the 
first predetermined level and is equal to or higher than 
the second predetermined level, the first voltage is ap- 
plied to the first terminal 16/Then, the first and second 
switching diodes 5 and 6 conduct, and the first bias volt- 
15 age is applied to the gate of the first FET 4 to enter an 
operating state in which amplification can be performed. 
This bias voltage is set by the first feeding resistance 1 4 
and the first bias resistance 9. 

[0035] On the other hand, at this time, second voltage 
20 js appl ied to the second terminal 28. The second voltage 
is set to voltage (about 5 volt) higher than voltage ob- 
tained by adding the pinch off voltage (about 4 volt) of 
the second FET 22 to the forward voltage (about 0.7 
volt) of the diode 23. Then, the gate voltage becomes 
25 equal to or lower than the pinch off voltage with respect 
to the source voltage, and therefore, the connection be- 
tween drain and source of the second FET 22 becomes 
off. 

[0036] As a result, the input signal does not pass 
30 through the by-pass circuit 21, but is amplified by the 
amplifier 3 to be outputted to the output end 2. 
[0037] Next, when the level of the input signal is within 
the third level range being equal to or lower than the 
second predetermined level, third voltage is applied to 
35 the first terminal 1 6. The third voltage is set higher than 
the first voltage. Then, the first and second switching 
diodes 5 and 6 conduct, and the second bias voltage is 
applied to the gate of the first FET 4 to enter an operating 
state in which amplification can be performed. This bias 
40 voltage becomes higher than the first bias voltage, and 
therefore, the drain current further increases so that the 
gain of the first FET 4 becomes larger than that within 
the second level range. 

[0038] On the other hand, at this time, second voltage 
45 is applied to the second terminal 28. Then , the gate volt- 
age becomes equal to or lower than the pinch off voltage 
with respect to the source voltage, and therefore, the 
connection between drain and source of the second 
FET 22 becomes off. 
so [0039] As a result, the input signal does not pass 
through the by-pass circuit 21 , but is amplified by the 
amplifier 3 to be outputted to the output end 2. 
[0040] Therefore, relationship of the range of output 
signal level (R) with respect to the range of input signal 
55 level can be narrowed to about one-third as shown in 
Fig. 2, which exhibits a significant effect to improvement 
of distortion and NF. 

[0041 ] In this respect, if the third voltage is set to the 
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same magnitude as the second voltage, and values for 
the first and second resistance for divided voltage 31 
and 32 are set in advance such that divided voltage at 
the first terminal 1 6 when the second voltage is applied 
to the second terminal 28 is equal to the first voltage, 
the second voltage can be applied only to the second 
terminal 28 when the input signal level Is within the sec- 
ond level range. Therefore, if the application of the sec- 
ond voltage is assumed to be H, both the first terminal 
16 and the second terminal 28 can be released when 
the input signal level is within the first level range, the 
first terminal 16 can be released and the second termi- 
nal can be set to H when within the second level range, 
and the first terminal 1 6 can be set to H, and the second 
terminal 28 can be set to H when within the third level 
range. Thus, voltage to be applied can be made into one 
type. 

[0042] If a decoder having two output terminals is pro- 
vided, voltage at a high level H being second voltage, 
and voltage at a low level L to be released are caused 
to be outputted from two output terminals depending up- 
on the range of the input signal level, and these termi- 
nals are connected to the first terminal 1 6 and the sec- 
ond terminal 28 in advance, the transmission path 
switching circuit will be able to be automatically switched 
in response to the range of the input signal level. 

[Effect of the Invention] 

[0043] As described above, according to the present 
invention, in a transmission path switching circuit pro- 
vided with an amplifier and a by-pass circuit, and con- 
structed so as to switch the gain in the amplifier between 
two stages, when the level of an input signal inputted to 
the input end is within the first level range being equal 
to or higher than the first predetermined level, the input 
signal is outputted to the output end through the by-pass 
circuit; when within the second level range being lower 
than the first predetermined level and equal to or higher 
than the second predetermined level, the gain of the am- 
plifier is set to the first gain; and when within the third 
level range being equal to or lower than the second pre- 
determined level, the gain of the amplifier is set to a sec- 
ond gain being higher than the first gain. Therefore, the 
relationship of the range of output signal level (R) with 
respect to the range of input signal level can be nar- 
rowed into about one-third, which exhibits a significant 
effect to improvement of distortion and NF. 
[0044] Also, in a transmission path switching circuit 
according to the present invention, the amplifier has the 
first FET, a first switching diode, and a second switching 
diode, and the by-pass circuit has a second FET; when 
the level of the input signal is within the first level range, 
the first and second switching diodes are turned off, and 
the gate voltage of the second FET is made higher than 
the pitch off voltage; when the level of the input signal 
is within the second level range, the gate voltage of the 
second FET is made lower than the pinch off voltage, 



the first and second switching diodes are turned on, and 
the first bias voltage is applied to the gate of the first 
FET; and when the input signal is within the third level 
range, the gate voltage of the second FET is made lower 

5 than the pinch off voltage, the first and second switching 
diodes are turned on, and second bias voltage being 
higher than the first bias voltage, is applied to the gate 
of the first FET. Therefore, the input signal can be 
caused to pass through the by-pass circuit within the first 

10 level range, and the gain of the amplifier can be changed 
within the second level range and the third level range. 
[0045] Also, in a transmission path switching circuit 
according to the present invention, when the level of the 
input signal is within the firsf fevel range, no voltage is 

is applied to a first terminal for applying voltage to the an- 
ode of the first switching diode, the gate of the first FET, 
and the anode of the second switching diode, and a sec- 
ond terminal for applying voltage to the gate and source 
of the second FET to cause both terminals to be in a 

20 released state; and when the level of the input signal is 
within the second level range, the first voltage is applied 
to the first terminal, second voltage, which becomes 
equal to or higher than a sum of forward voltage of the 
diode for voltage drop and the pinch off voltage, is ap- 

25 plied to the second terminal; and when the level of the 
input signal is within the third level range, third voltage 
being higher than the first voltage, is applied to the first 
terminal, and the second voltage is applied to the sec- 
ond terminal. Therefore, it becomes easier to switch be- 

30 tween the amplifier and the by-pass circuit, and to switch 
the gain in the amplifier. 

[0046] In the transmission path switching circuit ac- 
cording to the present invention, the anode of the first 
switching diode is connected to the gate of the first FET 

35 in a DC way, the cathode thereof is grounded through 
the first bias resistance, the cathode of the second 
switching diode is grounded through the second bias re- 
sistance, the anode of the first switching diode is con- 
nected to the first terminal through first feeding resist- 

40 ance, and the anode of the second switching diode is 
connected to the first terminal through the second feed- 
ing resistance. Therefore, it is easy to set bias voltage 
in the gate of the first FET. 

[0047] In the transmission path switching circuit ac- 
45 cording to the present invention, the first terminal is 
grounded through first resistance for divided voltage, 
second resistance for divided voltage is connected be- 
tween the first terminal and the second terminal, the 
third voltage is made equal to the second voltage, val- 
50 ues for the first and second resistance are set such that 
the divided voltage at the first terminal when the second 
voltage is applied to the second terminal becomes equal 
to the first voltage, when the level of the input signal is 
within the second level range, the second voltage is ap- 
55 plied to only the second terminal, and when the level of 
the input signal is within the third level range, the second 
voltage is applied to the first terminal and the second 
terminal. Therefore, it is possible to switch between the 
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amplifier and the by-pass circuit and to switch the gain 
in the amplifier by the use of one type of the second 
voltage. 



Claims 

1 . A transmission path switching circuit, comprising an 
amplifier disposed between an input end and an 
output end, and a by-pass circuit disposed between 
the input end and the output end, and constructed 
so as to switch gain in the amplifier between two 
stages, wherein when a level of an input signal in- 
putted to the input end is within a first level range 
being equal to or higher than a first predetermined 
level, the input signal is not amplified but is output- 
ted to the output end through the by-pass circuit; 
wherein when equal to or lower than the first prede- 
termined level, the input signal is amplified by the 
amplifier to output to the output end; wherein when 
the level of the input signal is within a second level 
range between the first predetermined level and a 
second predetermined level being lower than the 
first predetermined level, gain of the amplifier is set 
to first gain; and wherein when the input signal is 
within a third level range being equal to or lower 
than the second predetermined level, the gain of the 
amplifier is set to second gain being higher than the 
first gain. 

2. A transmission path switching circuit according to 
Claim 1 , wherein the amplifier has a first FET, a first 
switching diode disposed in series between the in- 
put end and the gate of the first FET, and a second 
switching diode disposed in series between a drain 
of the first FET and the output end, and the by-pass 
circuit has a second FET, to whose input end one 
of drain and source is connected, and to whose out- 
put end the other is connected; wherein when the 
level of the input signal is within the first level range, 
the first and second switching diodes are turned off, 
and gate voltage of the second FET is made higher 
than pinch off voltage of the second FET; wherein 
when the level of the input signal is within the sec- 
ond level range, the gate voltage of the second FET 
is made lower than the pinch off voltage, the first 
and second switching diodes are turned on, and first 
bias voltage is applied to the gate of the first FET; 
and wherein when the input signal is within the third 
level range, the gate voltage of the second FET is 
made lower than the pinch off voltage, the first and 
second switching diodes are turned on, and second 
bias voltage being higher than the first bias voltage, 
is applied to the gate of the first FET 

3. A transmission path switching circuit according to 
Claim 2, provided with a first terminal for applying 
voltage to an anode of the first switching diode, the 



gate of the first FET, and the anode of the second 
switching diode; a second terminal for applying volt- 
age to the gate and source of the second FET 
through feeding resistance respectively; and a di- 

5 ode for voltage drop, whose anode is connected to 
the gate of the second FET, and whose cathode is 
grounded, wherein when the level of the input signal 
is within the first level range, no voltage is applied 
to the first terminal and the second terminal, but the 

10 both terminals are caused to be in a released state; 
wherein when the level of the input signal is within 
the second level range, first voltage is applied to the 
first terminal, and second voltage, which becomes 
equal to or higher than a sum of forward voltage of 

is the diode for voltage drop and the pinch off voltage, 
is applied to the second terminal; and wherein when 
the level of the input signal is within the third level 
range, third voltage being higher than the first volt- 
age, is applied to the first terminal, and the second 

20 voltage is applied to the second terminal. 

4. A transmission path switching circuit according to 
Claim 3, wherein the anode of the first switching di- 
ode is connected to the gate of the first FET in a DC 

25 way, and the cathode thereof is grounded through 
first bias resistance; wherein the cathode of the sec- 
ond switching diode is grounded through second bi- 
as resistance; and wherein the anode of the first 
switching diode is connected to the first terminal 

30 through first feeding resistance, and the anode of 
the second switching diode is connected to the first 
terminal through second feeding resistance. 

5. A transmission path switching circuit according to 
35 Claim 3 or 4, wherein the first terminal is grounded 

through first resistance for divided voltage, second 
resistance for divided voltage is connected between 
the first terminal and the second terminal, the third 
voltage is made equal to the second voltage; where- 

40 in values for the first and second resistance are set 
such that divided voltage at the first terminal when 
the second voltage is applied to the second terminal 
becomes equal to the first voltage; wherein when 
the level of the input signal is within the second level 

45 range, the second voltage is applied only to the sec- 
ond terminal; and wherein when the level of the in- 
put signal is within the third revel range, the second 
voltage is applied to the first terminal and the sec- 
ond terminal. 

50 
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